Cellular changes underlying memory formation can be generated in an activity-dependent manner at specific synapses. Thus an important question concerns the mechanisms by which synaptic signals communicate with the cell body to mediate these cellular changes. A monosynaptic circuit that is enhanced by sensitization in Aplysia is well-suited to study this question because three different subcellular compartments: (i) the sensorimotor SN-MN synapses, (ii) the SN projections to MNs via axonal connections, (iii) the SN cell bodies, can all be manipulated and studied independently. Here, we report that activity-dependent (AD) training in either the entire SN-MN circuit or in only the synaptic compartment, activates MAPK in a temporally and spatially specific pattern. Specifically, we find (i) MAPK activation is first transiently generated at SN-MN synapses during training, (ii) immediately after training MAPK is transiently activated in SN-MN axonal connections and persistently activated in SN cell bodies, and finally, (iii) MAPK is activated in SN cell bodies and SN-MN synapses 1 h after training. These data suggest that there is an intracellularly transported retrograde signal generated at the synapse which is later responsible for delayed MAPK activation at SN somata. Finally, we find that this retrograde signal requires activation of tyrosine kinase (TK) and MEK signaling cascades at the synapses.
Introduction
The formation of a long-term memory (LTM) requires transcription of new gene products in the nucleus that can be utilized in distal neuritic processes to maintain synapse-specific experience-dependent modifications of synaptic strength. The importance of rapid, local protein synthesis at synapses for enhancement of synaptic strength and memory formation has been well established (Hu, Wu, & Schacher, 2006; Liu, Hu, Wang, & Schacher, 2003; Martin & Zukin, 2006; Miller et al., 2002; Steward & Levy, 1982; Wang et al., 2009) , suggesting that signals that engage transcription may be initiated at synapses. Therefore, an important area of investigation has been to elucidate the events that occur in these two general compartments of the neuron (the cell body containing the nucleus and the distal processes containing synapses) and how these neuronal compartments communicate during LTM formation.
The invertebrate Aplysia is a particularly useful model system in which to study these questions for two reasons. First, the neural circuitry that supports memory for sensitization of a withdrawal reflex in Aplysia is relatively simple and well-understood. Second, a critical site for plasticity underlying memory formation is the sensorimotor synapse (SN-MN) mediating the reflex (Kandel, 2001 ). The SN cell body is located in one anatomical compartment, the pleural ganglion, and the synaptic connections to the MNs are located in another compartment several millimeters away in the pedal ganglion. This distance permits the construction of a barrier that allows independent pharmacological manipulation of the two cellular compartments, referred to as a split-bath preparation (Sherff & Carew, 1999 , 2004 . Thus, this preparation can be used to investigate molecular signaling events in individual subcellular compartments of the intact SN-MN circuit responsible for the induction of synaptic plasticity and memory in Aplysia.
As has been demonstrated in mammalian systems, multiple lines of evidence suggest the importance of communication
